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Abstract 
Ons populullon ~ , i pa r l  mlllrl lPrrlniice,n, qluu,unIL I R Ilr I hlphl) 
nuxcplihlr lo diluiiy m!ldru i \iIt,rli!pllru ur~inti,iaui~lir i'irci l!%hmct 1 
urr \U$CFIC~ ti] IUO I~FICI 01 rccurreni wleiiiim fix di~unv mlldcu 
rrrlhtanw urlnyr modllicd yrrenhour xracningmethiul Thc rcrponv 
19 *tlccl>i>n r s u  c,aiuntid undcr yruunhr~u,~ i n d  l~cld itlndlltt>ni urlnp 
511 rilndclm S prngcnle, ind Bl tinrli~m !ull.*~h pti~grnfcr Irim cdrh 
cycle hulk S~#o~Piunl pmprer, ioicr i ) ~ l r r  ill relrcoillr ws, ohxnrd 
all cvsluil~rin lrlrllr The$< re\alli dcmonrlrrld l l lr l  ,I\ i ruurpllhk 
popui~lnr,>, r~~urrcni  xlcolmn ~ l f e i l ~ r l )  ~nrrrlrwd Ihr Ikicl I I ~  rc\i,l. 
u n a  10 dl lwni mlldew The moddlrd urrenllill,\r mclhi~l lor ivr,rtnu 
Kt) worda: P~,rtn,wiirm yiiiuranr ~ ~ l ~ ~ r o ~ ~ ~ c ~ ~ c ~  ~ , ~ ~ ~ ~ ~ ~ r ~ t ~ ~ ~ / ~ ~  
clown) ~ n ~ l d e u  rcslrlaitce gernipld\n~ ut1117i110n rccurren! 
'eIcc11<111 
Peiirl n~ l l c t  (Prnni$r,iu,,j giurcw,i !L I R Hr I 1, d \hm-reason 
cercal c r p  ycncrall) pmwn in the dry ,Ired+ nl thu Iroplcr on 
sand) and degr.tded *o!l\ 11 Ir the r1;lplc l i l r~d 01 rllr reml- 
urjd i nd  urid area, In Alilru rnd III northuc*lrra Indt;~. whcrc 
l i lndr~cc varjcllcr arc prrdom~nanlls pl.onn hcrau$c ul fhcit 
adaptallan lo  heul and draughl Hiircvrr. Ihr I.tndi.iir malerral 
from norlhr\,erlcrn lt ld~a IS hlghl! %u.;npl~blc lo douni mildcu 
caubed h! ,Si/~~rn\prrru qnt,,i!aaolo l.%cc I Schnxt lBxi>nger cl 
al 19941. D~recl u u  of thi, matrr~;tl ~n hrecdmp ncu ru l i l \an 
udnpld to lhc rdaphlc and EI I~~$I~c c o ~ ~ l ~ i , o n \  01 t h ~ i  reelon 
will depend on the po,rihiI~ly of ~mproslng 11, reslrlanir to this 
dscur .  
Durtng a typical growth c!cle. oaspurca ill the pcurl mlllel 
downy m~ldeu pathtrgcn, nhich can rurrl ic lor many yean an 
the boll. ~ n i k t  acdltng, o l  p r l  millet. Ancr i ~ ~ f w u o n  f thc 
mcrirlcmnl~c t~~sac .  the myccltum spre~ds ~)~Iern~cal I )  through. 
uul the plant. and spurang~uphorer u l th  rporanpla are formed 
on l c ~ f s u r f a ~ ~ s  Sporangla k o m c  airhorne and upon coniacl 
w ~ t h  lm water, such a, deu or ram droplet, on a leaf surfact. 
they lhkrntc zoospores (nrxudl sporeal The infection v l th  
zoospores can rrrult In  byarcmic ~nlccllon ~ f t h c  prowlny point 
is avadrd. Nca  oosporer a n  produced sexuall) by contphtlhlc 
maling typcs (Mrhelmorc et al IVW2) 
Thu\, undcr rullsblc en\lronmenrdl condttlon<. the dlvdrc 
can $prcad rap~dl) lo  ncdrh) p lanomd nearh) tielda, r,pcc~aIl! 
during Ihe earl) ,mgc\ oi pIr111 proxth !M~chelmurc el r l  
IVK!.Shetl) lYK7. Plnrrd 19KVi Sccdl~ngs~mptom~r.inpelri~m 
panpal diu'olouralian l o  reedltnp de.ilh Plam, ihoa ,lunled 
groxth. )alloutnp and tomeume\ 'green ear'' liepctdll\r prrb- 
l i l trdt~nn of nordl parts), uh~ch  rc,ull In pdr l~r l  or con~pletc 
l uu  (01 ucd  form,~llon ~n the p'dnlclc\!W~lIram\ IVX41 
The held crcentng p i i ~ e d u n  I, tlme-cilnsumlng ar nornirllt 
a uhole crop cycle I *  uwd t iv  l h ~ r  te,l The \uccc$r o l  the 
rrccning 15 hlghl) dcpcndcnl on ncnthrrcund~tlon\ thdlI.~\our 
divare dc~rlopment. md. Ihur, larye dttiercnics in d ~ u d u  l n d \  
cJn occur o\c r  +caron\ A grrenhou\e rrecning pmcedorr 
lICRISA1 IYiiXl lh,il !n%olie\ leillnp oi reedlmg, reducer the 
time rcquircd fi,r 3ireenlnp l u  uhoul 3 uecls Thc procedure ir 
Iarpcl) ~ndrpendcni of\elju,n and udn thur h e;<sklj u\ed r, m 
~nitial 11apc of rcierli<~tt ~n dnerrc rccurrcm rclr.cuon rchcmr. 
The l ir\ l  nhlt.cu\c nl \hi\ i ~ a d i  isar 10 Inic\ligntc ~ h c  ier r~.  
hllit) 01 improilng ru,tu.tnce 10 douni  m~ldcu In the highl! 
+o*irpt~hle l.indrdur mr lcr~.~I  Ircrrn nirrtliuerlern Indi.8 The 
rccond ~ohlccll\c u.3, 1,s dcleimmr uhr thr i  rrrtiricnl ~ e l e c t ~ ~ ~ i ,  
i i ir doun)-mtldcu n\i\tdnir. uildrr grecnhuu,~ rurcctlilig con. 
dnionl Icdd* 10 ~nc:i,\\cd rc\i\l.mir In the \rcdl~ng iprenhourr. 
.tnd tirid) ,!nil adult p l in l  (lieltll A thud L,h~crl>\r u d r  l u  slud! 
lhr c l l a l  nl l u o  c>cltr 01 rclcctioe fol rcv3lincr 11, the g r e w  
houx on lhc penrtic \ar!ih\Ilt! for rr\l*t.tnce under grrenhouw 
rnd lield conditiiln, 
Materials and Methods 
(kmtlr m~ltrfrh: Thi. 'Antem R.i,.lrlh,in Populiln>n i(\RUPop Xhl 
uiti' c\lithlt,hrd 11) IUKX h! r.~ndon,l! l!lnilne 11 lindrrcr: di re\ \nn.  
ell par1 n~>llcl lrirrn noilhucilrm lndlr l u < >  rdndom m.\llllg, ullh 
nluderutr ma, selc'l~on for $cud rl cirl~nei% md l$llcrinv NCR. dirnc 
The rlwlianccyurlmcnl i s \  ~nll i l lcd uilh Ihev  310 5 ,  pioyrnier The 
mccunmt rrlccl8on prrwcdurc\ uh~ch lollorrd d n  rumnurud~nTahlc 
I To makr Tuli.>>h priigintrr IFSPI monp S proyvnlci iSPi huli 
pllcn ftcm s,inple SP urr uud lo lu~lbnru 14 plant, m ihc othcr 
parpntal SP Crorw, among ihc SP urre made as a pama1 ri~allcl o  
avoid arsonvu>r mallng Inr trail, r ~ c h  II matunt! To conwuc rhc 
~rnprovd cyclc hulls. cqud qunnlloo 01 ucd horn silch rrnss vrrc 
hulk4 Experuncnlr sviliudunp ihr nsponrr lo v l s t~on  wre ton. 
dun4  utth 50 random S,P and 50 random FSP from each allhc C, 
C, mdC: cycle hulk5 ThesS,Pand FSP rc r r  all prduaddunng rhr 
pon.run! =son of I W  dl the ICRISAT Ccnlrr 
In the evduaiton myunmcna. t h  t n b d  lhm ICMP 413 (hghly 
Tahk I P t ~ d u r e l n r l r o r ~ c l r r o l  - . -- - - - - - - . . .. ~~. ~ 
mumm u lmt ion  iclr d ~ u  n!-m~l. cttr .%*son 
... . . 
iC,,\ ,t!  
deu r ~ ~ ~ r ~ n a  10 WRalPop XX 
IuXV Rain, rw,os :Ztl r~nelc p l . ~ , ~ i  1ri>ni (', ~ ~ l I - p ~ ~ l l ~ n , t m J  I!) K.118itlhan 
IVrq Po,I riltl! ,r;l\or, I 9 1  S progcnir. <irr.mrd ~n .i gmvihuurc for  d ~ ~ w o ~ - m ~ l d c a  rcrlrluncc 
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lbnrcvd hulk 111 \ I I H l  1 2  lhtghli ruxcpilhli. h>hi>di. ind 'IU: 1. h$ I l l i  
ru..rpt~hlc l indrrcr Inm, ( b.>ill u.~.~#irluded lhur Ilznc. y r  rcpl i~,#r#~v! 
J ~ o t i l i t l l  eitln 
( n r w n b r u u r r w n i n ~  iorbsxn)-mildrw mirmwr: Thr~r : r ,n l l i ~o r  wrr- 
,081ng pr<~'cdt~rc i ,>r < l < , v t n . t ~ ~ ~ l d c ~  re\!\t,~nw R , I \  , I  ~ n ~ ~ ~ ~ l ~ l ~ ~ , ~ ~ ~ ~ ~ ~ ~  <>I 
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pi,>"!\ l,!d~~ldt,.,ll, ll,<+ %<,C ,~~~,"1,>10<1 c,> ,,,.,\\? I ,!I> \CC<I. - e r e  
WUII  ycr 111 .m pi!, 1~111 tuo ptsl. y r  elulri . ~nd  .i an\li!no ri,utng 
.lrplll 1-1 11111 lu r%n~ .L pillon$ I~IILIU~P ,>I \.il,il ,in6 ri,#l i.1 1 I Tlilr 
p<,>e,,~ll! ~t.,lllr,l ,I, .J< p1,,,,,< pc, l><,, % >  ,l,r ,,>let,p,,l< ,,> <,!,,.l,~.,l 
r l . q c  pl.#lll> ucrc .pr.ti-tnirul,lu~l rlll ,881 ,lqaci%u. I ~ I ~ I ) ? I ~ ~ ~ ~ I I I  $11 
\p,lringl.l l.lhou! III ,ptlr.lnplr l l l l i  l l l ~ l ~ t l l . l l i ~ l  ~,l,i!lls ) i i l c  nt~l!~.ill.cl 
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l h c  cn~r>c ,  w ~ r c  r.tndhnv,cd .#LL~>I<I#II~ 10 .t \!lt~pIc 11 , 1 :  I.~IIIL? 
JC\I~II Plot\ N C B C  < o ~ c r w ~ n  ,4(1d 111811ned kc, ~shcw :[I pl.dn,, pet r , ) ~ ,  
l i J , i ! ~ d I ~ r t ~ o u i n p  1h lol* l  ~nvmki ($1  pl.snli~nt1 pl.\l,lruilll tloun!- 
,>,,i<l<~ \,,,,",,>,,,\ ~<>,,,,lCd 111 tl,!!, a1,cr ,<>u,,,g l'l.,,,l\ *,,I, 
do,, ~n,~!dru r\spl i ,$l i r  ucrc icnl i~red Irlioi lht pi l l ,  '$1 lhc  11111~ ~1 
~hr. thirl rilun! Thc ~nulnhcr 101 plunlr u l l h  duuoi-mtldcu r!,splzm. 
u.i. @ ~ \ ! n  ruunied .!I n n u ~ r ~ n g  l h i  Iri.11 u.,, tondur.led ~n t la  pn.~- 
id,,,! ic,iron n l  IVcll 
Results 
I ) i r r r l  rc%pbnu.$ to r l e c t l a n  
\ignlhudnl Inc!c.lic\ I" I C \ I \ ~ ~ ~ I L C  1(1 d i \ u t ~ \  l n l l l d e ~  i l l r o ~ $ I t  
ir.c1111ri~1 \c l r r l l o l i  uur  LIP~II~CIII iT.lhlc 21 11, hruh I h r  S,P .and 
I Y l ' t ~ , ~ I ~ ~ ~ t l c ~ l  lh  g rccn l ,<u<~ T I Ic~ I~ I I I~~ I  c)clc h ~ ( i L  l V , l  h,td 
S , l * , t \ ~ d  I SI'IC,I\I l e w l \ o l  r c + ~ ~ ! , ~ ~ i c e \ ~ n ~ ~ I : t ~  I,, the \ ~ ~ \ ~ e p l ~ h l c  
~ n h ~ e d  c i ~ n l r c ~ l .  X41R. uhereiir l l ~ r  \cci~n,i c j c le  hulk (( :) me:tnr 
tc.iihcr1 letel* i l l  rc\lhl.incr I l ld l  u c l c  no1 r ~ g n ~ l i c . ~ n l l y  dlKercnl 
I rum llr ~c\~rt .o,t  i ,mlr i l l r .  I ( ' M P  421 dtld K I B  The Ihrtl 
!o i l%rowd c)clc h o l i  i(' l <htn+cd Icv t l r  u l  n * l ~ l a a u e  thd l  were 
i ~ , i r . ~ n c i l ~ . ~ ~ c  helu cn l l i t  ( , ,  311d r l r  C , mc. inr lor hu lh  SPs ind  
I SP Thc \,trnc t tv l>d\ wcrc oh>er\ci l  1 0  \ ced l~og  r o l i i d n c e  
MI the t ic ld ~ v . ~ l ~ ~ ~ ~ t ~ ~ ~ n ~ .  excep~ lhd l  IC~I S I' ci',iIi1tt111)11, the 
d~ l l c rca r r .  h r l u e r r  cnarerut lru c j r l c  mr.lli\ ac1.c nu1 vgn l l i -  
i , , n t  
( r e ~ ~ u h p l c  i . r ~ . i n i c  l r , ~  d ~ ~ u n j . m t l d c a  r rv \ r . i ncc r l  Ihe recd. 
lh~lp i l ,~gv  decre,t,cd ~.\pbdl) oret v l e i t ~ o n  r y i l c ~ i T . ~ h l c  31 Ai le r  
the \ c ion i l  u \ r le  01 Impro iu ln r t l t .  Ihe ~ r c i ~ d u o l  gen1.11~ ~II~IIIIII)II 
u,ir l i~ i  rm,ill 10 expect lu i l hc r  \ l g n ~ t l ~ i l n l  gu in i  l iu l o ~ ~ l a n c c .  
e i p r c ~ i l l !  i i l i sn  u ~ t l m a l c d  l r i lm  SIP p r r l b ~ t n t ~ ~ l c c  The  e t ro r  
\.$xiancc\ i l t o  tended t o  dcc rc~re ,  po*rlhl) due 10 rcdlc eAecli. 
hu t  nil1 ncarly i r  much ;v Ih r  gr.tlol)p~c rarlrnicr Thc r a m r  
irrl.iilcu comnoncnlr for nn onrel.!lcd t1.11l. n ~ ~ n ~ c l e  Icn lh. 
. . 
w d i l n g  ro,lstince ~n ~h~.grccnhrll~,clel;cept l o r  the C,i, rr well 
Tdhlc ? Prugruii frrrm one r!clr 
015, ptugcn! IS,!') rclcilloll rnd  r 
\uhrcyuinl c j i l e  oflull-7th pmgeo! 
1FSPi uiccuon lor<ccdllnedoun). 
niildru resirlance I " a  tnleited C)cic 
pld(11\1 ln Ihc WRalPop XU p p u .  C,. 
l l l l on  01 p a i l  mtllct C ,  
< > 
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to thr l  of the ruruntihle lnhrcd cnnlrtrl X4IR Howc~er. thc 
dlaeabe pressure ln the erdlurtion tr~als i, ionr~dercd to he 
on\) mndcrate H~pher dl\eaii lebels mtghl have unproved thc 
d#Terenttrtlon hetween the conlrols and the cycle means, i nd  
thus m~phl  hdre allowed i hetterjudgemeni of the actual I c~e l  
of reslatke achleved hy this ,elect>i rheme 
Thew resulls document that recurrent select~on hdsed on the 
mod~ficd greenhouse procedure for down)-m~ldew screening is  
an eifcct~ve method of increas~ng the lcvci of rensvdnce In varl- 
able hrecdine ponuldlions of marl mlllet The correldt!ans 
- .  . 
between greenhouse and field cvaluatlon lrlals uerc suRcicntly 
high to indicate that the preenhausc rrcrnlng predicls fieid 
exireaston of rcsrstance to downy mildew  heo or related field 
rcrponw, to wlect~an In thc greenhouv confirm t h ~ i  (Table5 2 
and 41. The preenhouse wrenme method achtevcd a slmtlar 
le\e 01 31Pr-ent.aton .no rcpcotao. l~~~ ncr~trh~.ltlc, on an 
cnt0 mean ha,, 01 J 52 tor S P m3 b * '  l.mr FSP 1 ~ .  the ( 
:de  as the riclo vrecnlng at thc .ced..np ,tdgc J YO lo- ( P 
and0 '- ior FSP lor thc C r!clctu~th tnr wncmatcrtal Thcx 
findlngs thus strongly support the uwlulncss of thc mod~fied 
greenhouw r l rcntng method, as the hcntsbll~ttes and geno. 
tvotc banancm CTabie 3). and thw the exosled eenctlc nalns. . " - 
are stmilar. and 11 a considerably faster and morc flexible m 
11s a~olicatlon than fieid r m n i n r .  Predicvd wrrclated sins 
under field wndtttons, when wlst ion is carried oul In the 
gtetnhoue. are e x d  to be only half thov of dlrcrt guns 
baaw o l  the ~n&ediate level of wnelations betwm~f ic ld 
and grcahouv scraoing lcsls. 
The nptd decline in genetic varians obsemcd during two 
cycles ofrrr'urrcnl wlectlon ~ndicales that seedltnp reststancc l o  
downy m~ldew in lhts populntlon is controlled by a relatively 
small number of pncs (Geiger and Heun 1989). Thls 1s no1 
surpnslng as this popular~on 1s relattvcly nilrrowly hased with 
m s p t  l o  sourccs of genes for resistana to down) milde'h. All 
its parental compnnenlb or~pnated from the urmc geopraphs 
reelon ushen naturd d~sease levels &re lou A slmtlar study 
uslng a morc broadl) hased pearl-m~llet populiitton, such as 
thc World Composltc frem wh~ch the htghly reslstunt open- 
poll~nated rarlct) WC-C71 wns derived (RE. I). 1s nccdcd to 
determine whether lhe ~elect~on-induced decline ofrenetc v.tr!- 
rt lun I, populrtton dependent Recurrent sclecuun ha, heen 
reported to cause rap~d ccl~ne In penulyplo iuridbillly fnr d ~ r  
edrc and lnrect reslrlancc In mane (Penny el HI 1'467: J6ndh)on 
and Rusvll IYhY. Randlc et a1 1984) 
Houevcr. rcilstdna to downy mlldew in mdlZc dpparr l o  he 
gowned hy ;I grrdter number of genes. hecause ebuluatlon of 
progress from recurrent hclwtnrn ~ndrnted steady progress over 
three cyolea a l lh  no tendency lo decline (Khebrd el uI. 1981, 
Leon el 81 1993) 
The compdrlron of vullance mmponrnl, ~ndlmtes !hilt full. 
5th progenle+cdn he ured succesrfull) for lntprovement of rsed- 
lhng rerl\lance to doun) m~ldcv In pct~rl m$llct, l'ull-s~h pro- 
gentes hilime rirelr hecn ured In recurrent selecuon rchen~ei 
IStnghet nl 1988, Rdtlunde~nd W~trumhr lVV3) Thceitimatc, 
olgenet~c tarlancer amunp thc FSP werc ,uIiiclenll) large to 
predicl ~ignificint penctlc ydlnh friiln seleclan The erlimdter 
of error varrsnce (Tshlc 31 iron> the SIP and the FSP did 
no1 difcr mu~.h, excepl In the greenhouse screcnlng where the 
numher of aeedhnes eveluslcd for douny.mtIdew resiaonce 
dlHercd marked!) for the l u u  typer ofproycny In maize, hoth 
S progenle! (Leon el al 1903) dnd i'uIl.s~h propenter (Khchra 
el al IYRII have hern ,ucce*sfully used to lmGovc rcrlstancc 
to dou,n) mtldew 
Thc genotypic \art.!nce erl~males among the FSP were actu- 
rl ly lorher t h n  thore among the SIP lor doany.m~ldew renst. 
ance. rs well ar for the olher trdlth mcdsurcd dur~na the field 
icreenlng Thlr 15 aurpn\tng s~nce. theorct~cally. ~f gene fre- 
qucncles are 0 5 .  the addtt~ve penetlc warlance rmung the FSP 
IS on!! cnnected to he half 1h11 ol'thr SP lWr>cke and Weher 
I Y X ~ ) ' T ~ ;  two typcs uf  progen) were tehled ~n dlirercnl tr~als, 
and thcrcfoie there results "re not fully comparablc Houcber 
SPand FSPirialr, hoth ~n thegrccnhoureand In thclirld, were 
conducted idjacenl to each other at exactly the aame tlmc The 
ume controls wcre used In holh tndls, and lheir means m d  
vartances lndlcate thdl the testing condittons did no1 dlR'er in u 
way expecred to change the reldtlve mdgn~tudc of the varlance 
componcnli Schtpprack (lYY3) found slmllarl) h~gh esumatcs 
for genotypic varlance csltmdtcr for the FSP In cornpartion 
w~ th  the S,P for days to flowenng, panlcle length and panlcle 
y~cid over a w~de r a n g  of pearl m~llet composftes, wlth no 
ohvtous explanation 
Accidental outcrosstng during the product~on of the S,P was 
rejected a, an explanat~on of th~s ohsewallon Thr proponion 
of ourrossed plants withln the S,P in  the field trials was not 
lnraeenoueh toexplain thesedev,at~ons from theorcticalexm 
utlons. ~&npari&n o f  the mcans of the S,P and the FSP for 
plant height, panicle length and tlmc to bloom (Table 4) i n d i  
;ales l h u  t n b r d n g  depression was exprcsaed in the name 
ordcrolmagn~tudcas was found by Rai el al (1985), supporting 
thc assumption that the plants wcre true S, progenies. 
Visual observations o l  the field tnals suggest that the 
expression of dtRermm for agronomic cbaractcnaics among 

